INTRODUCTION
In previous experiments (HSber and Titajew (1)) it has been shown that the secretory power of the isolated Ringer-perfused frog liver with respect to dyestuffs is exceedingly great. It surpasses by far that of the salivary gland of mammals and it is also markedly greater than that of the frog kidney, estimated from concentrations in the urine. Often, the concentration of dye appearing in the gallbladder cannula reaches a level several hundred times, sometimes even more than a thousand times, higher than in the perfusing solution. This has been observed with specimens of monoazo-, triphenylmethane-, azine-and oxazine-dyestuffs. In experiments on the isolated Ringer-perfused frog kidney one rarely observes a concentration stronger than 60 times. However, it has to be kept in mind that here the higher concentration of dyestuff is the result of the compound activity of the different parts of the nephrons. On one hand, the secretory power of the proximal tubules raises the concentration and on the other, the primary product of this tubular activity becomes more or less diluted according to the amount of added glomerular filtration. Therefore, it might appear questionable, whether, de fac¢o, the concentrating power of the secretory elements of the kidney is inferior to that of the liver, and, indeed the microscopical picture of the tubules of the aglomerular kidney of the toadfish, that has been injected with certain dyestuffs, reveals a surprisingly intense coloration of the lumina, which seems to be indicative of a very high concentration (HSber (2)). In other respects the superiority of the secretory power of the isolated liver is beyond question. From previous and recent studies we know about 80 dyestuffs, which are highly concentrated by the liver, 33 of which fail to pass the tubular walls of the Ringer-perfused kidney. Besides those 80 dyestuffs secreted by the liver we have encountered 16 other dyes, which cannot pass this gland. Of these 16 dyes, 11 are highly colloidal, 2 of them are particularly highly lipoid-soluble and, evidently, owing to this property, they are retained in the liver fat. Now, on the basis of these preliminary observations, we have tried to investigate the unknown mechanism of secretory activity of the liver, (1) by supplying the liver with mixtures of pairs of dyestuffs, in order to learn whether and for what reason one dyestuff may undergo preferential transport before the other; (2) by determining whether by the presence of additional substances the active secretion could be either enhanced or diminished in a reversible manner, and (3) by studying, whether, apart from the dyestuffs, other substances are equally suitable for secretory accumulation in the bile.
Melhod
This and the following paper include earlier and more recent work. In the earlier work Rana temporaria was used, in the recent R. pipiens. Differences in the behavior of these two species have not been remarked. The operative procedure has lately been described by Haywood and HSber (3) . 0.0005 per cent of dyestuff was added to the perfusion fluid. When a mixture of two dyes was perfused, each concentration was determined with an approximate accuracy by employing a Walpole comparator. The mixtures were composed of red (or orange) and blue dyestuffs. In about 200 experiments 16 red and 5 blue dyestuffs have been compared with each other.
EXPERrM~NTS
When the liver was perfused with a mixture of two dyestuffs, in general, the dyestuffs reappeared in the secretion in a ratio more or less different from that in the perfusion fluid. In the majority of our experiments, both dyes became strongly concentrated by the surviving gland. In Table I a few of our experiments are summarized. Usually the experiments were divided into three periods (I, II, III), each of them running over 1 to 3 hours. The numbers in the table indicate the dyestuff concentrations in relation to the original concentration (concentration ratios).
In the first six of the reported experiments the concentration of one dyestuff prevailed throughout the experiment over that of the other. In a smaller group of experiments, two examples of which are shown (VII, VIII), the initial concentration difference disappeared later. In a third smaller group (see IX and X) the initial concentration ratio was reversed.
Not only in experiments like those mentioned, but also when the liver was supplied with one dyestuff only, the concentration effected by the liver varied a great deal from one experiment to the other (H6ber and Titajew (1)). However, in the first periods of our experiments with mixtures, the relationship between the concentrations of the dyestuffs showed a high degree of regularity; e.g., from a mixture of orange R and eriocyanin A with- Indigo carmine Phenol red, orange G, brilliant crocein 3B, azofuchsin I, erythrlne P, azofuchsin IV Cyanol Acid fuchsin, azofuchsin S. out exception orange R was concentrated more than azofuchsin I, rosinduline 2G more than indigo carmine, and so on. The results of these comparisons are summarized in Table II. Still another kind of effect has been observed, which seems to be of particular interest. The accumulation of a certain dye may be suppressed SECRETORY ACTMTY OF ,FROG LIVER. I largely or completely by the addition to the perfusion fluid of a second dyestuff, which itself may be strongly concentrated. For instance, Table  III shows the results (1) of four experiments (a-d), which have been performed simultaneously with the livers of four frogs of the same size, and (2) of two corresponding experiments (a and b) on two livers. Obviously, the secretion of indigo carmine is suppressed by orange GT and orange R, but not by azofuchsin I, and the secretion of phenol red is suppressed by eriocyanin A. In our experiences, those dyestuffs in particular, which belong to group I in Table II , are apt to prevent the concentration of a second dyestuff. 
DISCUSSION
Separation of two dyestuffs by glandular activity has been observed previously. Liang (4) has shown that two dyestuffs, e.g. phenol red and cyanol, perfused together through the frog kidney from the renal portal vein, are quantitatively separated, only phenol red appearing in the urine, unless the pressure in the portal vein is raised so much that the perfusion fluid enters the glomeruli. The simple interpretation is that cyanol as well as phenol red passes the glomerular filter, whereas phenol red alone traverses the tubular wall and becomes concentrated (H6ber (5)). When the intact frog is injected with phenol red-cyanol, at first phenol red prevails in the urine, but later--comparable to the situation in experiments IX and X (Table I )--cyanol predominates (Steffanutti (6) ). The chief reason is that, in the beginning, concentrated phenol red and filtered cyanol enter the urine, while, after the major part of phenol red has been eliminated from the body, the cyanol becomes predominant. However, these results with the kidney are not analogous to those described for the liver, since, probably, in the liver the separation is not brought about by the activity of different structural units, like glomeruli and tubules, but is somehow attributable to special unknown differentiating capacities of the single liver cell. Possibly similar capacities could be proved to exist in the tubular epithelia by providing them from the portal vein with a mixture of dyestuffs, each of which could be secreted. However, experiments of this kind have not yet been performed. Now, it is important to know, why one dyestuff appears earlier or more abundantly in the liver secretion than another. Certainly, this question touches on the fundamentals of selective absorption and secretion, which doubtless are complex phenomena. The experiments described above are suggestive in considering, whether the first step of absorption and secretion, namely the entrance of the substances in question, may be correlated with some simple physicochemical properties such as diffusibility, lipoid solubility, adsorbability.
The diffusibility of our dyestuffs was studied by placing in test tubes 5 cc. of 0.1 per cent solutions of dyestuffs above 10 cc. of a gel of either 5 per cent or 10 per cent gelatin or of 3 per cent agar and by observing for several days the migration of the dyes into the gels. The result was that the concentration ratios of one dyestuff in a mixture to the other in the first period of secretion (Table II) are by no means related to the order of the diffusion rates, e.g. in gelatin: patent blue V > cyanol > acid fuchsin, eriocyanin A > indigo carmine > erythrine P > ponceau 2R > azofuchsin S and in agar: patent blue V > cyanol, acid fuchsin > eriocyanin A > erythrine P, ponceau 2R > indigo carmine > azofuchsin S.
Also lipoid solubility is found not to be a factor in the differential secretion of the first period, as e.g. orange R and tropeoline 000/2 are lipoidsoluble, ponceau 2R and palatine scarlet A are not.
In contrast to lipoid solubility and diffusibility there are some indications that adsorbability might have some bearing upon the initial steps of the process of secretion. It has been mentioned (p; 185) that, in comparison to the ability of the liver, only a restricted number of dyes can be taken up and transported by the tubules of the Ringer-perfused frog kidney. Now, in experiments, which will be published elsewhere, it has been found that in several groups of acid azo-dyestuffs only those are allowed to pass the tubular wall, which are endowed with a polar-non-polar configuration of their molecules. This could be accounted for by assuming that at the interface between cell and surroundings the dye first has to be anchored to one medium by the hydrophilic polar half of its molecule, to the other by the organophilic non-polar half before it can enter the cell. Lack of such a polar-non-polar structure as well as a surplus of hydroaffmity conferred by the presence of some additional strong polar groups prevents the formation of such an interfacial layer of dye. We have not yet performed enough experiments on the liver with substances of identical basal structure to suggest that interfacial forces might also initiate the dyestuff secretion in this gland. As yet, the only hint of such an effect is that, when a great number of sulfonic acid groups (4 to 5) is present in the molecule presented to the liver cell, no secretion occurs. The conclusion is that the overwhelming influence of these strongly hydrophilic groups prevents the initiating attachment to the cell surface. Dyestuffs of this kind are ponceau 6R, azofuchsin V and an azo-dyestuff of the I. G. Farbenindustrie A.G. with five sulfonate groups.
Finally, it should be noted that our observations regarding the prevention of the secretion of one dyestuff by the presence of another one are suggestive of the idea that in the liver the same mechanism controls the transport of two diverse substances. This would be different from the active transport in other systems. For instance, the absorption of amino acids, which takes place simultaneously with that of glucose, remains unaffected, after the poisoning of the intestine with phlorizin has inhibited the glucose absorption. The same is true of the reabsorption of chloride and of glucose by the frog kidney.
SU~M~RY
The isolated Ringer-perfused frog liver is able to concentrate in its secretion several hundred or even thousand times a great number of dyestuffs. When two dyestuffs are perfused simultaneously, the liver separates them to a lower or higher degree, some times to such an extent that the secretion of one of them is entirely suppressed by the other. Which one of the two dyestuffs appears prevailingly in the secretion, does not depend upon its diffusibility or lipoid solubility, but perhaps upon its adsorbability. This is concluded from the fact that dyestuffs provided with several (4 to 5) strongly hydrophilic sulfonate groups in their molecule, are not permitted to pass the gland.
